Background: There is an insufficient number of reliable prognostic and response predictive biomarkers in colorectal cancer (CRC) management. In a previous study, we found that high tumour tissue expression of tumourassociated trypsin inhibitor (TATI) correlated with liver metastasis and an impaired prognosis in CRC. The aim of this study was to investigate the prognostic validity of serum TATI (s-TATI) in CRC. We further assessed the prognostic value of carcino-embryonic antigen in serum (s-CEA) and the interrelationship between s-TATI and TATI in tissue (t-TATI). Methods: Using an immunofluorometric assay, s-TATI levels were analysed in 334 preoperatively collected serum samples from patients with CRC. Spearman's Rho and Chi-square test were used for analysis of correlations between s-TATI and clinicopathological parameters, s-CEA and t-TATI. Kaplan-Meier analysis and Cox uni-and multivariate regression analysis were used to estimate disease free survival (DFS) and overall survival (OS) according to quartiles of s-TATI and cut-offs derived from ROC-analysis of s-TATI and s-CEA. Results: Increased levels of s-TATI were associated with a reduced DFS (HR = 2.00; 95% CI 1.40-2.84, P < 0.001) and OS (HR = 2.40; 95% CI 1.74-3.33, P < 0.001). (HR = 2.89; 95% CI 1. 96-4.25). This association remained significant in multivariate analysis. The association for OS remained significant in multivariate analysis (HR = 1.51; 95% CI 1.03-2.22, P = 0.034 for DFS and HR = 1.78; 95% CI 1.25-2.53, P = 0.001 for OS). There was no significant association between s-TATI and t-TATI. The prognostic value of s-CEA was also evident, but somewhat weaker than for s-TATI. Conclusions: High preoperative s-TATI levels predict a poor prognosis in patients with CRC, and the prognostic value is independent of established prognostic parameters and t-TATI expression. These data suggest that s-TATI might be a useful marker for prognostic stratification in CRC.
Background
Colorectal cancer (CRC) is one of the most common forms of cancer worldwide with approximately 1 million new cases detected every year [1] . Early detection, adequate surgical excision and optimal adjuvant treatment are of critical importance for outcome. Although several prognostic and predictive CRC biomarkers have been proposed [2] , serum carcino-embryonic antigen (s-CEA) is currently the only accepted marker incorporated into clinical practice. S-CEA is used for early detection of metastasis during follow-up of patients with stage II and III disease and for monitoring response to adjuvant treatment in stage IV disease.
In a previous study by our group, we found that a high expression of tumour-associated trypsin inhibitor (TATI; synonymous to pancreatic secretory trypsin inhibitor, PSTI, and serine protease inhibitor Kazal type 1, SPINK1) in tumour tissue (t-TATI) was associated with an increased risk of metachronous liver metastasis and an impaired prognosis in CRC patients [3] . These findings are supported by in vitro data, demonstrating that TATI promotes invasiveness of CRC cells [4] .
Several studies have found s-TATI to be of potential prognostic value in ovarian cancer [5, 6] , a good serum marker for monitoring [7] and prognosis [8] of bladder cancer, prognosis of renal cancer [9] and more accurate than CEA, carbohydrate antigen (CA) 15-3, CA 125 and CA 19-9 in post-operative follow up of renal cancer patients [10] . Previous studies on s-TATI in various cancer forms have been performed on rather small cohorts with diverging conclusions regarding its prognostic value. In a study from 1991, s-TATI was found to be a good predictor of liver metastasis in CRC and breast cancer [11] . Satake et al found elevated s-TATI concentrations in CRC patients, but the results were not considered to be of sufficient diagnostic value for clinical use [12] . In a study on 62 CRC patients, Pasanen et al found s-TATI to be a useful biomarker for staging of CRC, however less useful than s-CEA [13] . Similar results were obtained in another study comprising 53 CRC patients [14] . Solakidi et al found s-TATI to be a useful complementary biomarker for diagnosing and monitoring of gastrointestinal malignancies, having a higher sensitivity than s-CEA [15] .
Three main mechanisms have been proposed to cause increased levels of TATI in serum; leakage from tumour-derived TATI into the circulation and as a response to tissue destruction and inflammation [16] . A transitory elevation of s-TATI levels have been found after surgery, suggesting that TATI may behave as an acute phase protein [14, 17] . Elevated levels of s-TATI can also be detected temporarily in some non-malignant conditions, especially in pancreatitis [18] , and in severe inflammatory diseases, injuries, and sepsis [12, 19] .
The purpose of the present study was to examine the prognostic value of s-TATI in a cohort of 324 prospectively collected CRC patients, including 308 cases previously analysed for t-TATI [3] . Furthermore, the prognostic value of s-CEA was assessed, as well as the association between s-TATI and t-TATI.
Methods

Patients
The original cohort consisted of 337 prospectively collected patients undergoing surgery for CRC at the Central District Hospital in Västerås, Sweden, between June 2000 and December 2003. Tumour tissue for construction of tissue microarrays (TMA) was available from 320 (95%) patients [3] . Pretreatment serum samples were available from 325 patients and s-TATI could be analysed in 324 (96%). Both tissue and serum data were available from 308 patients (91%), Serum data was available for 275 (82%) curatively treated patients.
Median follow-up time for surviving patients with samples available for s-TATI analysis was 6 (range [4] [5] [6] [7] [8] years. Recurrent disease was reported in 54 (19%) of curatively treated patients while 119 (37%) patients died during the study period. Preoperative radiotherapy (RT) was given to 84/108 patients with rectal cancer. All patients under 75 years of age with stage III colon cancer (n = 36) and 22 of 29 rectal cancer patients received adjuvant chemotherapy as well as some patients with high risk (T4, low differentiation) stage II disease (13/ 71). Palliative chemotherapy was given to 23 of 27 patients <75 years with stage IV disease.
Ethical approval for the study was obtained from the Ethic's committee at Uppsala University (ref no 00-001), whereby all patients gave their informed consent for participation in the study.
Immunofluorometric assay of s-TATI
Serum samples were drawn prior to surgical treatment and stored at -70°C until analysis. The samples were analysed using a time-resolved immunofluorometric assay [20] . MAb 6E8 was used as a capture antibody for TATI and a europium (Eu) labelled antibody 11B3 was used as a tracer. Fluorescence was measured with a 1234 Victor 2 time-resolved fluorometer (Wallac, Turku, Finland. The lower limit of detection for TATI is 0.1 μg/l and the measuring range 0.5-90 μg/l.
S-CEA
CEA in serum was determined by ELISA with commercially available MTPL-EIA kit (RE59101, IBL IMMUNO BIOLOGICAL LABORATORIES; http://www.ibl-hamburg.com). According to the manufacturer's instructions, the assay has a detection limit of 1 μg/l and a measuring range of 5-75 μg/l.
Statistics
Correlations between s-TATI and clinicopathological characteristics were calculated using Spearman's Rhotest and Chi-square test. Kaplan-Meier analysis and logrank test were used to estimate the relationship between different strata of s-TATI levels, disease free survival (DFS) and overall survival (OS). Endpoints for DFS and OS were defined as recommended by Punt et al [20] . Curatively treated patients were defined as patients with Stage I-III disease and microscopically free resection margins (R0). All observations were censored at the end of the study period (15 th November 2008). The Kolmogorov-Smirnov test was used to verify a normal or skewed distribution. Bivariate correlation analysis between s-TATI and s-CEA was performed. Optimal cut-off values were determined using a receiver operating characteristic (ROC) analysis including all patients in relation to OS. The TATI concentration at the ROC curve's closest point to the top of Y-axis (1.0) was used as cut-off. Quartile-concentration thresholds for the whole group were used for comparison. A Cox proportional hazards model was used for estimation of hazard ratio (HR) in both uni-and multivariate analysis after adjustment for age, gender, disease stage, differentiation grade, lymphatic or vascular invasion, s-CEA, s-TATI and t-TATI. Statistical analyses were carried out using the Statistical Package for Social Sciences, SPSS 16.0 package (SPSS Inc, Chicago, Ill) while ROC curve analysis and comparison of ROC curves and optimal cut-off calculation was performed using MedCalc statistical software 11.2 (MedCalc Inc., Mariakerke, Belgium). A P-value less than 0.05 was considered significant.
Results
Distribution of TATI in serum
The range of s-TATI concentrations in CRC patients was 4.4 μg/l to 169 μg/l (mean; 23.5 μg/l, median; 13.5 μg/l). The distribution was skewed and this was verified by Kolmogorov-Smirnov's test (P < 0.001). Based on ROC analysis the optimal cut-off was set to 15.59 μg/l. The AUC value for prediction of OS ( Figure 1A ) was 0.684 for s-TATI (P < 0.001) and 0.644 for s-CEA (P < 0.001). In curatively treated patients the AUC ( Figure  1B 
Correlation between s-TATI and t-TATI
There was no significant association between s-TATI and t-TATI (continuous percentage of positive cells) (Spearman's Rho = 0.031, P = 0.591). This was also evident in separate analysis of curatively treated patients, different disease stages as well as colonic versus rectal cancer (data not shown).
Correlations between s-TATI and clinicopathological characteristics
Higher s-TATI levels were significantly associated with M stage (P = 0.02), but not with TNM stage, lymph node (N) or tumour (T) stage ( Figure 2 ). As shown in table 1, s-TATI was significantly associated with higher age at diagnosis (P < 0.001) and right-sided tumour location (P < 0.001). Patients with cancer in the colon had significantly higher s-TATI levels than rectal cancer patients (P = 0.001). Notably, preoperative RT had been given to 84/107 (79%) rectal cancer patients in the evaluated cohort and in patients who had received preoperative RT (n = 85, all but one with rectal cancer), s-TATI levels were significantly lower than in patients who had not (P = 0.001). There was no significant difference in s-TATI levels between left-sided colonic tumours and rectal cancers (data not shown). In contrast to s-TATI, s-CEA levels did not differ significantly in relation to tumour location or preoperative RT and neither did t-TATI (data not shown).
Prognostic value of s-TATI and correlation to distant metastases
In ROC analysis the AUC values of both s-CEA and s-TATI ROC correlated significantly with OS (s-TATI; P < 0.001, s-CEA; P < 0.001) ( Figure 1A ). This was also the case in curatively treated patients (s-TATI; P < 0.001, s-CEA; P = 0.002) ( Figure 1B) . The difference in AUC values between s-TATI and s-CEA was significant in curatively treated patients (P = 0.0441) but not in the whole cohort (P = 0.346) ( Figure 1B) .
Analysis of DFS and OS was performed both according to the dichotomized cut-off and according to s-TATI quartiles. Both approaches revealed a significant association (P < 0.001) between high concentrations of s-TATI and a shorter DFS and OS ( Figure 3 ). Cox univariate analysis confirmed the association between s-TATI and DFS (HR = 2.00; 95% CI 1.40-2.84, P < 0.001) and OS (HR = 2.40; 95% CI 1.74-3.33, P < 0.001) ( Table  2 ) and this association remained significant in multivariate analysis adjusted for age, gender, disease stage, differentiation grade, lymphatic or vascular invasion, s-CEA, and t-TATI (HR = 1.51; 95% CI 1.03-2.22, P = 0.034 for DFS and HR = 1.78; 95% CI 1.25-2.53, P = 0.001 for OS). Notably, when adjusted for s-TATI, t-TATI was an independent prognostic factor for DFS but not for OS ( Table 2 ). The prognostic value of s-CEA analysed using ROC cut-off was more significant for DFS, but less significant than s-TATI as a predictor of OS ( Table 2) .
The adverse impact of high s-TATI levels on OS was retained also when analyzed separately for cases with stage II and III disease respectively (Figure 4 ). This was confirmed in Cox univariate analysis (HR = 2.58; 95% CI 1.39-4.79, P = 0.003 for Stage II and HR = 2.61; 95% CI 1.49-4.59, P = 0.001 for Stage III) and remained significant in multivariate analysis adjusted for age, gender, differentiation grade, lymphatic or vascular invasion, s-CEA and t-TATI (HR = 2.06; 95% CI 1.08-3.93, P = 0.028 for Stage II and HR = 2.24; 95% CI 1.19-4.21, P = 0.013 for Stage III patients). While a high s-CEA concentration was a significant predictor of reduced OS in patients with Stage II disease in both univariate (HR = 2.17; 95% CI 1.15-4.10, P = 0.017) and multivariate analysis (HR = 2.00; 95% CI 1.04-3.87, P = 0.039), no significant association was found between s-CEA and OS in patients with Stage III disease (Kaplan Meier curves displayed in Additional file 1, Figure S1 ).
There was a significant association between high s-TATI levels and a reduced DFS in Stage III patients (Figure 4) , also confirmed in Cox univariate analysis (HR = 1.80; 95% CI 1.05-3.07, P = 0.033) but not in multivariate analysis (data not shown). In Stage II patients there was no significant association between s-TATI and DFS (Figure 4 ). S-CEA had no impact on DFS when analyzed separately for patients with Stage II or Stage III disease (Additional file 1, Figure S1 ). In contrast to previous findings regarding t-TATI [3] there was no relationship between levels of s-TATI and time to liver or lung metastasis (data not shown).
In patients who had not received preoperative RT, s-TATI was an independent prognostic factor (HR = 2.52; 95% CI 1.70-3.72, P < 0.001) in univariate analysis and HR = 1.97; 95% CI 1.28-2.99, P = 0.002 in multivariate analysis). In patients who had received preoperative RT, s-TATI was prognostic in univariate (HR = 2.27; 95% CI 1.21-4.25, P = 0.014) but not multivariate analysis (data not shown).
Discussion
In this study, we have shown that elevated levels of s-TATI independently predict an adverse outcome in CRC patients and this was also the case in separate analysis of patients with Stage II and III disease.
We have previously shown that high expression of TATI in tumour tissue correlates with an adverse prognosis in two independent cohorts of CRC patients, including the cohort studied here, in which t-TATI was also significantly associated with a reduced time to metachronous liver metastasis [3] . The lack of any association between s-TATI levels and t-TATI is therefore somewhat surprising, given the significant relationship between s-TATI and an adverse prognosis demonstrated in this study. Indeed, s-TATI and t-TATI remained independent prognostic factors when both were included in multivariate analysis. In addition, while s-TATI levels were significantly higher in patients presenting with distant metastasis at diagnosis, we could not confirm any relationship between s-TATI and time to liver or lung metastases.
To our knowledge, the relationship between s-TATI and t-TATI has only been investigated in one previous study on renal cell carcinoma, which also failed to show a significant association between these variables [21] . However, in that study, it was also shown that an impaired renal function could contribute to elevated s-TATI levels in patients with renal cancer. A limitation to this study is the lack of information on renal function for the patients included. The relationship between s-TATI and renal function in CRC patients is an important issue that should be addressed in future studies. In this study, age at diagnosis was significantly associated with high s-TATI levels, which is in line with the study by Solakidi et al. [15] . As high age is associated with a poor DFS and OS in CRC, and also with an impaired renal function, this relationship could to some extent contribute to the adverse prognostic impact of high s-TATI levels. Notably, the independent prognostic value of s-TATI remained significant for both DFS and OS when adjusted for age in the multivariate Cox regression analysis. Elevation of s-TATI may also be caused by several nonmalignant conditions such as severe inflammatory disease [22] , pancreatitis and hepatobiliary disease [23] , and tissue destruction [24, 25] . TATI is produced at high concentration in the pancreas, from which it leaks into serum in pancreatic disease [24] . However, normal s-TATI levels have been found after total pancreatectomy showing that TATI is produced in several tissues [26, 27] . Solakidi et al suggested that leakage from the tumour cells into the circulation might be the mechanism behind elevated s-TATI levels [15] , but the lack of a correlation between s-TATI and t-TATI in this study implies that leakage from the tumour into the circulation is not a major cause of elevated s-TATI levels. Apart from its trypsin inhibiting function, TATI has also been ascribed properties promoting a more malignant phenotype in CRC [4] and in prostate cancer cells [28] . Interestingly, TATI has been shown to stimulate the EGF receptor and thus increase tumour aggressiveness [29] . Therefore, it could well be that t-TATI contributes to the biological aggressiveness of the tumour per se, whereas s-TATI levels reflect a local and/or systemic response to the disease.
Notably, while there was no association between t-TATI and tumour location, s-TATI levels were significantly lower in left-sided tumours compared to rightsided tumours and in rectal cancers compared to colonic cancers, the majority of which had received preoperative RT. None of these associations were seen for s-CEA. The significant association between lower s-TATI levels and RT indicates that treatment might directly affect s-TATI levels. This would be of interest to investigate in future studies, comparing levels of s-TATI before, during and after RT. In this study, s-TATI was an independent prognostic factor in patients not receiving RT, whereas it was only prognostic in univariate analysis in patients treated with RT. As the number of patients that had received RT was relatively small (n = 85) and the number of patients that had not received RT was even smaller (n = 23), no conclusions can be drawn regarding the value of s-TATI as a predictor of response to preoperative RT in rectal cancer patients. This should be investigated in a prospective setting, preferably a randomised trial.
Notably, the significantly lower s-TATI levels in leftsided compared to right-sided colonic tumours indicate that differences in s-TATI levels according to tumour location might also be due to differences in biological characteristics of the tumours, e.g., microsatellite instability (MSI), which is more frequently present in tumours arising in the right colon [30, 31] . Information on MSI status was not available for the tumours in this study, but should be considered in future studies.
Earlier studies on s-TATI in colorectal cancer have only concerned its diagnostic value, and for this purpose s-TATI has not been found to provide information additional to that obtained with s-CEA [13, 14] . The prognostic value of s-TATI in CRC has not been studied before. In the present study s-TATI was found to be a prognostic biomarker that was independent of conventional clinicopathological factors, and also independent of s-CEA. Furthermore, in most settings, the value of s-TATI was stronger than that of s-CEA.
Individualised treatment is still not available for patients with CRC in the adjuvant setting; currently the TNM stage is used for selection of patients for adjuvant treatment. In stage II patients about 20% will develop cancer recurrence, and there is modest evidence that these patients benefit from adjuvant chemotherapy [32] . Several high risk factors have been suggested for selecting stage II patients for adjuvant chemotherapy, i.e few lymph nodes examined, T4 disease, obstruction and tumour perforation [33] . Stage III CRC patients, on the other hand, have a well documented benefit from adjuvant chemotherapy [34] although it is estimated that up to 80% will relapse despite adjuvant treatment. It is therefore obvious that more accurate prognostic factors are needed when selecting patients for adjuvant treatment in CRC. The data presented here show that s-TATI is an independent prognostic biomarker in the whole cohort and in separate analysis of patients with Stage II and III disease.
Conclusions
In summary, we have demonstrated that TATI in serum, although not associated with its tumour-specific expression in tissue, is an independent predictor of a poor outcome in CRC patients. As this was evident in separate analysis of Stage II and Stage III patients, the prognostic value of s-TATI should be studied further to clarify whether it can be used as a biomarker for decision making regarding the benefit from adjuvant chemotherapy in patients with Stage II disease and the intensity of adjuvant chemotherapy needed in patients with Stage III disease. 
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